Landslides have frequently occurred in last years, due to the disorderly growth of the cities and the occupation of risk areas by the poor population, causing social, environmental and economic impacts. Urban areas in expansion move to geologically unstable areas and topographically inclined, such as the River Bengalas Basin, located in the city of Nova Friburgo, mountainous region of the State of Rio de Janeiro, Brazil. This article aims to present the model developed and used to evaluate the susceptibility and vulnerability of the River Bengalas Basin to landslides, which in January 2011, with the occurrence of heavy rains, caused landslides that impacted in the death of 429 people in city of Nova Friburgo. For the case study, several investigations have been made related to the areas of the basin, such as slope, soil conditions, lithology, land use and cover, vertical curvature, horizontal curvature, and precipitation data. With this study it was possible to understand how the natural and anthropics elements of the basin are related to the local dynamics of the disasters regarding to their interferences in the induction of landslides; evaluate the effectiveness of the guidelines of the Plano Diretor Participativo do Município de Nova Friburgo regarding the landslides; identify the susceptible and vulnerable basin areas to landslides and calculate the rates of susceptibility and vulnerability to landslides from new calculation model proposed..
-Introduction
Humankind has been challenged by the occurrence of extreme natural events, responsible for large amounts of material damage and for innumerous fatalities. Since 1970, with the increasing frequency and intensity of disasters, the scientific community and international institutions like the United Nations (UN), were mobilized to worry about this issue. In Brazil, this concern is due to the increase in the number of fatalities in the 1960s, 1970s and 1980s, associated with rapid urban growth and the disordered occupation of unsuitable areas for urbanization in the country. Year after year natural disasters result in a large number of dead and wounded, besides the costly economic losses. According to UNDP report (2004) , 75% of the world population lives in areas that were affected at least once by cyclones, floods, droughts and earthquakes between the years 1980 and 2000, causing numerous deaths, impacts on agriculture, on water resources, in health, in economy etc. (Braga et al. 2006) . environmental variables and the precipitation of the area of study, can be used universally for research centers and other active institutions in the prevention, monitoring and forecasting of landslides.
-Methodology
For each variable (declivity, pedology, lithology, use and cover of land, vertical and horizontal curvature) were adopted weights according to their classes, ranging from 0.00 to 1.00, while those closer to 0.00 indicate classes of low relationship with the susceptibility to landslides, while those closer to 1.00 indicate classes of high relationship. The interaction of information plans of these variables is based on studies of Tricart (1977) , with the principles of ecodynamics that establishes a gradation between the morphogenesis, prevailing the modifiers erosive processes of the soil's forms, and the pedogenesis, where the forming processes of soils prevail. Several studies have been conducted, such as: Survey of all the points of landslides which triggered the disasters in the River Bengalas Basin, in January 2011; Analysis to understand how the natural and man-made elements of the study area are related to the local dynamics disasters, regarding to their interference in the induction of landslides; Compilation of georeferenced data of the study area to treat them through Geographic Information System (GIS) so that the spatial information represents the best way possible its susceptibility / vulnerability to landslides; Calculation and analysis of the group of indicators of physical environmental susceptibility of the study area, based on the characteristics of the physical environmental of declivity, pedology, lithology, use and land cover. It is emphasized that on this new model the geomorphometrics variables "vertical curvature" and "horizontal curvature" were included in the calculations and analysis, besides the calculation of the areas' susceptibility of the basin were done according to the proportionality of 183 landslides; Survey and evaluation of precipitation data; Development of equation to the new methodology of calculating the vulnerability to landslides from data of the indicators of susceptibility and of the precipitations occurred in the Basin.
The method adopted in this work is based on the study of the Empirical Analysis of the Fragility of Natural and Anthropogenic Environments proposed by Tricart (1977) , with adaptations of the Authors, which systematizing a nominal hierarchy of weakness represented by nominal values or weights, named in this work as "Classes of Susceptibility / Vulnerability and their Indexes", adapted by the Author. They are: very low (0.00-0.19), low (0.20 0.39), medium (0.40 to 0.59), high (0.60 to 0.69) and very high (≥ 0.70).
Those classes with "very low" or "low" susceptibility / vulnerability are the areas that present lower risks to landslides, while "medium", "high" and "very high" are the areas that have, respectively, medium, high and very high susceptibility / vulnerability to landslides. The criteria of observation and analysis adopted for this work in relation to the variables of the Basin were adapted from Tagliani (2002) , and the declivity variable had as analysis criteria the angle of the terrain; the pedology the thickness and density of the soil; the lithology the typology of rocks, the use and cover of the land the types of soil protection, and the vertical and horizontal curvatures of the forms of terrain.
-Results
The weights assigned to the classes of the variables, as shown in Table 4 .1, were introduced into the Equation 1 below, created specifically in this work to calculate the indexes of susceptibility (S) of the River Bengalas Basin to landslides.
Where S is the susceptibility; √ is the square root of the declivity variable; √ square root of the pedology variable; √ square root of the lithology variable; √ square root of the use and cover of the soil; √ square root of the vertical curvature; √ ℎ square root of the horizontal curvature; and NVA is the number of variables (6). So, from the calculation of the susceptibility of the River Bengalas Basin, its own map was generated.
Weights ranging from "0.00" to "1.00", calculated proportionally to the number of landslides occurred in the Basin, were assigned to classes of the studied variables to calculate the susceptibility of it and are shown in Table 4 .1 Classes of susceptibility/vulnerability to landslides and its weights Source: Tricart (1977) and Ross (1994) , adapted by the Author. The methodology created to calculate the vulnerability to landslides of the Basin was developed from the calculation of the susceptibility (S), in other words, we calculate the susceptibility and then, with the inclusion of calculation involving several indicators related to the "precipitation of rains", according to the Equation 2 below, the vulnerability was calculated.
Where V is vulnerability; √ is the square root of the declivity variable; √ square root of the pedology variable; √ square root of the lithology variable; √ square root of the use and cover of the soil; √ square root of the vertical curvature; √ ℎ square root of the horizontal curvature; NVA is the number of variables (6); PD is the daily precipitation; CPC is the coefficient of critical precipitation (70 mm/24 hours); PA5 is the cumulative precipitation for five days; MAXPA5 is the maximum cumulative precipitation for five days in the historical series 01/01/1995 to 03/19/2013. It was observed that the events occurred on 01/04/2007 and on 01/12/2011, there were respectively 350 and 183 landslides, due to the rain precipitation started one day before (01/03/2007 and 01/11/2011) to the days of the events, with its elevation and continuity in the days events. However the events of 01/04/2007 and 03/18/2013, the high rain precipitation occurred only on these dates, insufficient for the occurrence of the landslides. Hence the importance of analyzing the PA5, in case of prediction of landslides, always for a minimum of two (2) days.
The vulnerability maps of the Basin were generated by the software ArcGIS ® 10, with the overlay of the map's variables "declivity, pedology, lithology, use and cover of land, vertical and horizontal curvature", with their related information, including the vulnerability indexes of the Basin calculated from Equation 2.
The map generated for the vulnerability of the River Bengalas Basin to landslides (Figure 4 .2) is identical to the 5 th , 4 th and 3 rd preceding day of the day event, respectively the days 7, 8 and 9 January, 2011. The figure 4.3 presents the map of vulnerability of the Basin generated for the day January 10, 2012 (2 days before the day of the event). The vulnerability map generated for 1 day prior to the event (01/11/2011), as well as for the event day (01/12/2011), when there were 183 landslides in the Basin, also was identical. It was observed in this map that the applied methodology indicated two major classes of vulnerability -very high and high -which correspond respectively to 136.18 Km² and 54.63 Km² of the River Bengalas Basin. However, the indexes adopted for the classes of vulnerability standardized in this study (Table 3 .1) do not allow for a more detailed observation and analysis of which areas of the River Bengalas Basin are more vulnerable to landslides. The first impression is that the entire study area has the same characteristic. Therefore, the technique of algebra maps applied from the weighting of all the thematic maps results in continuous numeric values that allow other ways to categorize the vulnerability, if it is necessary to assess the areas more or less critical of the Basin. Thus, it was decided to reclassify the vulnerability indexes to landslides calculated for the days 11 and 12 January, 2011, from the slicing of these indexes so the analysis could be more detailed. Figure 4 .5 shows the alternative to the case, which deals with the division of vulnerability classes from percentages found in the resulting histogram of algebra maps for the days 11 and 12 January 2011. This type of classification is done for various phenomena of the nature, which seeks to define a critical threshold that, from this, there is the occurrence of extreme/rare considered events (spatial and temporarily). This occurs, for example, in the precipitation data analysis. In this case, the temporal distribution of the rains over a given period (annual or decadal) is statistically evaluated, so the rains that corresponds to the 99% percentile are called as very extreme events. In other words, they are rains that don't occur 99% of the times in a region during a determined period.
For the vulnerability case to landslides, aimed to draw such percentages in order to define the areas of River Bengalas Basin that represents a very critical situation, that is, very high vulnerability to these types of disasters. In the literature, there are several validated studies that indicate that the most critical vulnerability class, normally, occupies between 3.5% and 8.0% of the analyzed basins (Kayastha et al. 2013; Bai et al. 2009; Ayalew et al. 2004; and Akinci et al. 2011 ).
So, the limit for the vulnerability class "very high" was traced to the 95% percentile, as option of viewing of the results shown on the vulnerability map of the River Bengalas Basin to landslides (Figure 4 .5). This means that the vulnerability class "too high" is over 95% from the values found within the River Bengalas Basin, representing the 5% more critical from the Basin in relation to landslides. It is noteworthy that other classes of vulnerability -very low, low, medium, and high -were also traced based on the values found in the literature, so the less critical class represents 10% and the other classes were placed equidistant each other, according to the result presented in Figure 4 .5.
It was counted 35,318 pixels on the vulnerability map of the River Bengalas Basin to landslides. Given that the class "very high" represents the most critical 5% from the Basin, such class has 5% of the total pixels, that is, has 1,766 pixels. Sarkar and Kanungo (2004) , in a study conducted in Darjeeling, a mountainous region of the Himalayas, India, the frequency of landslides per Km² and from calculated classes by them were "very low: 0.00"; "low: 0 , 16, "" moderate: 0.50 ", and" high: 1.79 ".
Conclusion
With the development of this work, it was possible to create a specific methodology capable of creating indexes of susceptibility and vulnerability to landslides, that can be universally used for research centers and other institutions active in the prevention, monitoring and forecasting of landslides. Also, it proved effective regarding the concepts, tools, techniques, and applicability, having been applied to four (4) events of high rain precipitation that occurred in the city of Nova Friburgo, being efficient in the four (4) situations and proving that it is a methodology that can be used universally for research centers and other institutions active in the prevention, monitoring and forecasting of landslides. It was observed that when the vulnerability index to landslides is greater than or equal to 0.70 (critical threshold) for two (2) days in a row, as proposed in this study, the incidence of these types of disasters is "very high." Moreover, it is highlighted the importance of analyzing the 5-day Accumulated Precipitation (PA5) of at least two (2) days. From the analysis of pixels of the vulnerability map to landslides, if the frequency of these disasters per Km² calculated in this work for the class "high: 2.57", is compared to the frequency obtained from the class "high: 1.79" from the work validated by Sarkar and Kanungo (2004) , it is concluded that the results found here is above compared to the found by the authors, so that this type of classification by the percentiles is able to represent well the critical situation which corresponds to landslides.
